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:5‘1he probability of survival is predicted of people located in conventional,
expediently upgraded basements when subjected to the blast effects produced by
the detonation of a 1-MT weapon near the ground surface. Two categorfes of
potential shelters are considered here, i.e., engineered huildings and single-
family residences.

. The first categorg included 12 basements designed for iive lToads in the
range from 50 psf to 250 psf and slab spans from 13 ft to 20 ft. Each of these
was analyzed as expediently up?raded using four different upgrading schemes.

An expedient upgrading scheme involves strengthening the slab over the basement
by providing intermediate sugports and blocking off all openings into the base-
ment. This resulted in 60 shelters of different strengths which include the
conventional, unupgraded slabs as base cases,

The second category included four conventional single;;hnily ?cellings with
full basements, Each was evaluated when upgraded using a%ngtudua1 ’ upgrading
concept. Two of the basements were reevaluated using the "post and beawm™ up-
grading concept. These upgrading concepts are essentially similar and were used
as intermediate supports for strengthening the joict floor systems.

A probability of survival function was developed for each shelter and each
upgrading scheme. —The procedure used to accomplish this comsists of iwo parts.
The first is a probabilistic structural analysis which del.etmines the prcbab‘l"tyﬂ
of failure to the shélter envelope. The second is a probtabilistfc pecpie sur-
vival analysis ch considers two casualty producing mechanisms, i.e., debris
effects the collapse of the overhead slab and primary dblast., The probabil-
ity of Structural failure is made use of in computing the probabflfity of survival
against debris effects.

-»The report includes a description of the shelters analyzed, a description of
the method used in performing the analysis, detatled results, conclusions
and recommendation%}\\ :
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FOREWORD

This is the final report on IIT Research Institute (IITRI) project
No. JO6528 entitled, "Damage Functions for Upgraded Shelters." It was per-
formed for the Federal Emergency Management Agency (FEMA) under Contract
EMW-C-0374. The study was initiated September 15, 1980 and completed on
August 20, 1981, The work was performed by Dr. A. Longinow (project engineer
and principal investigator) and Mr. Ming-Yeh Wu of the Engineering Mechanics
Section, Division M, IITRI, and by Dr. J. Mohammadi of the Department of
‘Civil Engineering, I11inois Institute of Technology, Chicago, I1linois. The
study was monitored by Mr. D. A. Bettge of FEMA,

Respectfully submitted,
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APPROVED: )
i, 6. /s\,_w;.

John A. Granath, Director
Engineering Division
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1. INTRODUCTION

Eventually, existing buildings may need to be surveyed and designated for
upgrading to provide fallout and blast protection for evacuees and workers of
critical industries in the event of a nuclear weapon attack.

This study was concerned with predicting the probability of survival of
people located in expediently upgraded conventional basements when subjected
to the blast effects of a 1-MT weapon detonated near the ground surface. Two
categories of basements are considered, i.e., basements of engineered buildings
and basements of single family residences.

The first category refers to low-rise engineered bufldings with basements.
The first floor is at grade and, therefore, the slab over the basement is
directly exposed to the blast load. The basement walls, by virtue of their
location, are not directly exposed to the blast., In the analysis performed,
the first floor slab is treated as the primary structural component. Its
collapse will result in casualties due to debris fmpact and due to blast loads
entering shelter areas when the shelter envelope is breached. Interfor and
exterior basement walls are assumed to be stronger than the overhead slab and
are not explicitly considered in the analysis.

The first floor slab can be most expediently strengthened by reducing its
effective span, This can be done by introducing intermediate supports. In
this study such supports are applied to the slab but not to the walls, Such
supports are referred to as "expedient upgrading” and may consist of timber,
steel, and masonry.

The objective here is not to evaluate the particular supports used, but
rather to determine the reliability of the shelter when an intermediate support
is provided. Other studies have been devoted to the design and experimental
evaluation of expedient upgrading schemes (Ref 1,2).

The first floor slab was designed (Ref 3) as a one-way system for 1ive
loads in the range from 50 psf to 250 psf. This represents a fairly wide
range of use classes. The lower bound applies to classrooms and public rooms,
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while the upper bound applies to industriadl buildings, e.g., 1ight manufacturing
and some small warehouses, A total of twelve separate cases representing

three different span lengths (12, 16, and 20 ft) and four different desfgn

Tive loads (50, 80, 125, and 250 psf) were considered, Each of the twelve
basements was analyzed as expediently upgraded using four different upgrading
schemes. This resulted in sixty shelters which include the conventional (un-
upgraded) design as the base case. As used in this study, an expedient up-
grading scheme involves supporting the first floor slab and blocking off all
openings into the basement.

The second category of shelter considered includes four conventional
wood frame residences with basements, These are real buildings whose plans
were obtained from local engineer/architect offices. Expedient upgrading
schemes considered in this portion of the study include the "studwall" and
"post and beam," The objective is to reduce the effective span length of the
Joist floor over the basement. Six shelters were evaluated. First, each
basement was evaluated as upgraded using the studwall scheme, Second, two of
the basements were reevaluated using the post and beam concept. The process
was repeated by assuming that 1 ft of soil would be placed over the first
floor for radiation protection. Placing 2 ft of soil would significantly
affect the strength of the floor system. The case involving 2 ft of sofl was,
therefore, not considered.

A probability of survival function was developed for each shelter and each
particular upgrading scheme. The method used in determining the probability
of people survival {is described.

The analysis procedure formulated and used in this study consists of two
parts. The first part s a probabilistic structural analysis which determines <
the probability of shelter failure (collapse). This analysis is capable of ‘
considering all structural components and the respective failure modes of each
component. For example, in the case of the reinforced concrete slab, both ;
flexure and shear are considered as contributing to collapse. The probability ¥
of failure for each mode acting independent of the others is determined first.
Correlation between them is not evaluated. The results are then used to
determine the upper and lower bounds on the probability of failure for each
component and then for the structure as a whole, As an example, see the analysis

presented in Appendix A,
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in which the roof slab is the primary structural component and the walls are

The second part is a probabilistic people survival analysis which makes
use of the probability of structural failure results. Casualty mechanisms
considered include debris from the collapse of the shelter and primary blast.
Probability of survival against primary blast is determined on the basis of
available casualty data (Ref 4). This report is arranged as follows.

Chapter 2 includes a detailed description of the structural analysis
used in predicting the respose of reinforced concrete slabs when subjected to
blast loading. The corresponding probabilistic analysis is presented in
Chapter 3. These two chapters form the basis of a computer program which was
started in the previous effort (Ref 5) and then modified and extended in the ,
course of the study reported. This computer program is capable of computing
the probability of survival of people located in basement shelters when sub-
jected to blast produced by the detonation of a nuclear weapon, The procedure
used §s as described in the previous paragraphs of this chapter.

In its present form this computer program can analyze basement shelters

not considered in the analysis. It, therefore, applies to cases in which the
walls are not exposed to the blast, or by virtue of their design and location
are substantially stronger than the slab. The program consists of two
separate parts, which treat the following problems:

(1) Basements with two-way roof slabs and with membrane resistance
along two or four opposite edges. In addition to membrane
resistance, four support conditions may be considered.

2a) A1l edges simply supported
b) A1l edges fixed (clamped)

(c) Long edges simply supported, short edges fixed
(d) Short edges simply supported, long edges fixed.

(2) Basements with two-way roof slabs, without membrane resistance,
These four support conditions may be considered.

#a A1l edges simply supported
b) A1l edges fixed

¢) Long edges simply supported, short edges fixed
d) Short edges simply supported, long edges fixed,




The computer program computes the probability of survival for people
located in basements when subjected to blast effects produced by the detonation
of a nuclear weapon in its Mach region. Megaton or kiloton ﬁeapons may be
specified. The computer program has some of the following features.

(1) It predicts the upper and lower bounds on the probability

of component collapse. In doing this both the flexural
and shear modes of failure are considered.

(2) Predicts the probability of people survival based on:

(a) Debris effects from the collapse of the overhead slab
(b) Blast pressures due to primary blast.

Slab collapse modes on which the debris effects are based
were estimated based on review of experimental data.

(3) Considers statistical vartability in the following parameters:
Blast load parameters - F1, td

Structure parameters - As. A;. fé, f&. d, d*, ¢
where Fy = peak overpressure
td = positive phase duration

As = tension steel

A; = compression steel

fé = compressive concrete strength

fy = reinforcement yield strength

¢ = undercapacity factor in bending.

It is our considered opinion that this computer program is superior to
any that exist in related areas. The reasons are: '

(1) The program analyzes actual structures and makes predictions
on the basis of analytic results. No scaling is involved.

(2) Parameter variability s considered in more detail and on
a larger scale then other methods (such as the FAST code,
Reference 19, for example). The results, therefore, are
more reliable,

(3) The program 1s capable of evaluating the effectiveness of
d;:{:rent expedient upgrading schemes on people surviv-
a ty.
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(4) The program does not use a simulation approach, such as
Monte Carlo, for example, and is, therefore, quick and
economical in computer usage.

(5) The program is oriented specifically to the civil defense
(national security) problem,
This computer program can and should be extended to include a more com-
L plete set of structural components, i.e., walls, columns, and girders, This
would extend its applicability to a wider class of structures and would thus
increase its utility,

For the sake of clarity and generality in presentatfon, the structural
analysis procedure given in Chapter 2 and the probabilistic analysis pro-
cedure given in Chapter 3 are explained with reference to a square, two-way
sTab fixed along the edges.

Reinforced concrete shelters considered here are described in Chapter 4
which also includes a description of the expedient upgrading options con-
sidered, People survivability results are summarized in Chapter 5. Conclu-
sions and recommendations are presented in Chapter 5 together with a short
summary of this study.

Analysis of residential basements is presented in Appendices A and B,
Appendix C contains detailed probability of failure and probability of sur-
vival results for the reinforced concrete basement shelters,




2. STRUCTURAL ANALYSIS .

2.1 STRUCTURE IDEALIZATION AND LOADING

The general form of the structural analysis performed in this study is
described in Reference 6 and discussed in relation to the structure shown
in Figure 1. This 1s a portion of a conventional basement which serves as
a personnel shelter against the effects of blast produced by a nuclear
weapon detonated near the ground surface. With the entranceways and other
openings into the basement blocked off, the structural component of primary
interest is the first floor slab. Its collapse will result in casualties
due to slab debris impact and due to blast pressures and velocities pene-
trating basement areas where people would be located. Basement walls, both ]
interior and exterior (peripheral), are not expected to fafl prior to the ‘1
failure of the first floor slab and are, therefore, not considered in the
analysis.

The roof (first floor) slab is modeled as a single degree of freedom
system whose resistance is a piecewise 1inear function. The point at which
response is sought is at the center of the slab., We are interested ¢n fts
peak deflection when the slab is subjected to a time dependent load over its
surface. We are also interested in the peak dynamic reactions distributed
along the edges of the slab. The blast load fs approximated using the
following expression (Ref 7):

ISy
{

t/ty ]

F(f) = F (1 - ?t;’ e (1 8

where F1 = peak Toad magnitude
td = positive phase duration of the blast load.

The spatial distribution of the blast load is assumed to be uniform over the
surface of the sTab, The {nteraction of the blast wave with the building

i eer e M i e oo T
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above the basement is assumed not to modify the free-field character of the
blast wave to any significant extent. Therefore, equation (1) need not be
modified for this effect,

2,2 RESISTANCE FUNCTION

A resistance function for uniformly loaded, two-way reinforced concrete .
slabs fixed along the edges is shown in Figure 2. The maximum resistance
in the elastic range, R] is assumed to be developed when the most highly
stressed section reaches its plastic resistance. For slabs fixed along the

edges this section is along the long edges. For a square, clamped slab for »:
example, R; is (Ref 6) '

R, = 29.2 M;b ' (2)

1

where n;b = negative ultimate moment capacity per unit width

at the center of the long edge.
The maximum resistance in the glasto-pIastic range, R2' is determined on
the assumption that the ultimate bending moment is developed along all yield
1ines representing a minimum load yield pattern., Thus for a square clamped
slab (Ref 6)

12
RZ * ?T'(Mul + "uZ + Mu3 + "u4) (3)

where M 1" total ultimate moment capacity along mispan
Ul sectfon parallel to edge "a"

nuz = total negative ultimate moment capacity
along edge “a"

"u3 = total ultimate moment capacity along midspan
section parallel to edge "b"

Mg = total negative ultimate moment capacity along edge "b"
(see Figure 3 for distribution of ultimate moments) .

a = span length in the short direction,

! [
| 8 (o}
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Figure 2. Resistance function for a two-way slab.
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Figure 3. Distribution of ultimate moments.
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The midpoint deflection N is

where k,. the slab stiffness in the elastic range for a square, clamped
slab for example, is (Ref 6)
B10E 1
k, = a
1 ai :
where E = modulus of elasticity of concrete
Ia = moment of inertia of a unit width of slab.

E = 3w/ /T

where w = unit weight of concrete, 1b/cu ft
fé = yltimate compressive strength of concrete, psi,

g |
1, = -‘lg- (5.5 p, + 0.083)

where p_ = average reinforcement ratfo, for a slab with
uniform reinforcement, p, = Ag/bd
where A; 13 the steel area. pur unit width, b,
and d 1s the effective depth of the section.

Rp = Ry
2

Y "N * (8)

where k., thc slab stiffness in the chsto-phstic rmge also for a square,
clamped slab, is (Ref 6)

252 E1

k, ___,_.l - (9

10
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Based on an examination of experimental results, Reference 8 recommends
that the failure (incipient collapse) deflection, Yy be computed as

Yy, = 0.152 (10)

2.3 DYNAMIC REACTIONS

The dynamic reactions along the edges of two-way slabs are determined
on the basis of the assumption that the distribution of the inertial farces
is the same as the assumed deflected shape of the slab and the resistance
ifs uniformly distributed.

For a fixed, uniformly loaded two-way slab with a/b = 0.5 for example,
the total dynamic reaction, Va, at edge "a" in the elastic range is (Ref 6)

V, = 0.05P + 0,08R (1)

The corresponding dynamic reaction at edge "b" is

Vb = 0,12P + 0,25R (12)
In the elasto-plastic range

Va = 0,04P + 0,09R (13)

Vb = 0,090 + 0,28R (14)
In the plastic range

Va = 0,04P + 0.08R2 (15)

Vb = 0,11P + 0.27R2 (16)
where P = abF,(t) (17)

R = R(y) (18)

1
11




It was assumed in this study that the dynamic reactions are uniformly
distributed along the respective edges (Figure 4). The critical shear stress, {
. VL. was computed at a section, d/2, from the face of support using the
] approximation shown in Figure 5., Thus, the critical shear stress along edge
"b* is
. {
= ub - :
‘4 Vub 2 (a - tw d) (19)
-— = v - : :
Vua _%g (b - t, d) (20) q
Vb 1
where Vub = Bd (21)
va
Vua " ad (22)
t, = support (wall) thickness
d = effective depth of slab.
2.4 SHEAR RESISTANCE
; The shear resistance provided by the concrete can be computed using the
following expression (Refs 9,10)
- v = | 1.9 /F7 + 2500 Yud bd (23)
1 c Ve Pw Tﬁr
r but not greater than 3.5 bd /?:,
| where Py ™ As/bd
i b = width of section
: V, = the shear at the section
M. = the bending moment at the section occurring
simulataneously with Vu.
| The quantity Vud/Hu ts not to he taken greater than 1.0 in computing Vc.
12
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Figure 4, Assumed distribution of dynamic reactions
along edges "a" and "b".

—ﬁ o 1/2 (tw + d)
4 '
Va <
Va
\ 3
b
o
Figure 5. Critical shear stress, Va.
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The shear resistance can also be approximated (Ref 10) by

Ve = 2 /77 bd  (28)

According to Reference 9, equation (23) is too conservative for predicting
structural failure due to shear and recommends that values obtained from equa-
tion (23) be increased by 50% when used for this purpose. Consequently, the
following expression was used in investigating shear failure of slabs:

Vp = 1.5 B (25)

where Vo * the unit capacity of the slab.

In computing Vo? the ultimate'dynamic strength of concrete, f&c. was used.

fac = 1-25 fe (26)

2.5 DYNAMIC RESPONSE ANALYSIS

Since both the loading and resistance are complex functions, it was
necessary to use a numerical procedure to obtain the peak midpoint deflec-
tion of the slab and the peak dynamic reactifons. The equation solved is

Ky MJ + REY) = F(t) (27)

where KLM = the load-mass factor which is used to transform the
real system to an equivalent single degree of freedom

systen, For a square, clamped reinforced concrete
slab, K y has the following values (Ref 6):

Elastic range, K y = 0,63

Elasto-plastic range, = 0,67

Plastic range, Ky = 0.51

In the membrane range, KLM was taken as 1,0

M, = the total mass of the slab
R(y) = resistance
F(t) = load-time history, see equation (1).

14
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3. PROBABILISTIC ANALYSIS

The survivability or vulnerability of a structure to a given load is a
matter of available resistance relative to the imposed load. If the load
and resistance could be specified exactly, there would be no question about
predicting survivability. However, due to uncertainties, neither the load
nor the resistance can be specified precisely and for this reason surviv-
ability needs to be expressed in terms of a probability,

For a structure with resistance R and load S, where R and S are random
variables, survival is the event R>S and conversely, failure is the event R<S.
If fs and fR are respectively the probability density functions of applied
Toad and resistance, then the probability of failure, P(F), may be related to
the overlapping region between fs and fp (see Figure 6). Accordingly, the
probability of failure i1s a function of the relative position between g and
M. (see Figure 6) where Mg and b, are the expected values of S and R, res-
pectively. The probability of failure also depends on the degree of uncer-
tainty (dispersion) in R and S as shown in Figure 7.

Uncertainties arise due to variability in each of the load and resistance
parameters, and due to imperfections in the analytic models used in calculating
load and resistance,

3.1 PROBABILISTIC ANALYSIS APPROACH

The previous discussion points out the importance of treating the problem
of survivability evaluation in probabilistic terms. The corresponding general
framework for doing this is described.

For a given structure, its performance function Z can be defined as

Z=R-S (28)

15




Figure 7. Effect of dispersion of fgs) and f'g")' on P(F).
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R and S are respectively functions of several variables and, therefore, also
Z, thus

1= g (X-', x2’ seey XN) (29)

The performance 1imit, i.e., the minimum level of performance that is required

for survival, can be set at Z = zo. If z, = 0, then Z £ zo defines a fajlure

state and Z > zo defines a survival state. According1y, the probability of
survival, P(F) is

P(F) = P(Z > z) (30)

and the probability of failure, P(F), is

P(F) =1 - pP(F) =pP(Z £ zo) : (31)

If the probability distribution (probability density function) of Z is
known, then the probability of failure would be

0
P(F) = Y £,(2)dz = Fy(z,) (32)

Consider the case in which R and S are known to be lognormal with mean
(expected) values Vp and Ug and coefficients of variation QR and ns. Assume
also that

(1) R and S are statistically independent
(2) The probability distributions on R and S are known

(3) The uncertainty is due only to randomness as described in
the distribution fi(z)

(4) The performance limit z, = 0.

ey




For this case, the performance function {s
Z = 2n(R/S) (33)

Since R and S are lognormal variates, their logarithms are normal variates and
thus Z = 2n(R/S) = 2nR - 2nS is also a normal variate. Therefore, the prob-
ability of failure is

Z -y
PF=F()=o(° z)
(F) ‘% oy

where ¢ ( ) = cumulative density function of the normal distribution
u, = mean (expected) value of Z
o, = standard deviation of Z.

The expected value and standard deviation of Z are obtained as (Ref 11)

Uy = [Q.nuR -%-R.n 1+ Qg)] - [!.nus -Jz-zn Q] +n§)]

where Ups Hg = mean values of R and S, respectively
ﬂR’ Qs = coefficients of variation of R and S, respectively,

Rearranging R and S, Uy becomes

o ¥ + 0
uzazn_R——_—i

us Y+ %

of = V(2) = V(2nR) + V(2nS) = 2n(1 + 02) + 2n(1 + 0d)
where V( ) = vartance of respective parameter

o, -r‘lzn [?1 + ﬁ§5k1 + QES].
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Substituting u, and oy into equatfon (34), P(F) becomes

r . i + 9§
-2n
S RX: (39)

L‘fzn [(1 + 5%)(1 + QE)L

1f QR and QS are not too large, less than about 0.30, then

P(F) = &

(40)

The task of determining fz(z) and thus FZ(z) is generally very involved.
The required distribution, fz(z), including its parameters, needs to be de-
rived from X1, XZ. cons Xn consistent with equatfon (29). Given the density
functions fx1(x1). fxz(xz), cees fxn(xn). the cumulative density function

(CDF) of Z for independent Xps Xas eoes X would be -

FZ(Z) = ffaoo f fx1 fx2 so e fxn dx'| de see dxn
(41)
{g(x], Xps sees Xp < 2z}

from which the probability of failure would be obtained.

The effort to derive the exact distribution of Z through equation (41)
is clearly laborious and in most cases impractical, because the density

functions fx . fx s voed fx are usually not known. The informatton on these i
2 n i
varfables 1s generally limited to the mean values and coefficients of varia- :

tion. However, the necessary type of distribution for Fz(z) may be prescribed,
taking into account relevant physical factors that could contribute to the
distribution form with consideration for mathematical tractability. ‘




With regard to the required distribution for Z, we observe the following
(Ref 12):

(1) When P(F) > 10'3. the calculated P(F) 1s approximately
the same irrespective of the assumed distribution for Z.

(2) When P(F) < 10'5. the calculated P(F) could be very
sensitive to the assumed distribution form.

In the 1ight of these observations, the correct probability of failure
may be estimated using any reasonable distribution for Z when P(F) > 10’3;
whereas for cases where P(F) < 10'5, a correct distribution for Z would be
necessary to estimate the true risk.

In the case where R and S are not independent, equation (30) would
involve the covariance between R and S and the method given in Reference 13
would need to be used,

3.2 ESTIMATING MEANS, VARIANCES, AND COVARIANCES

For the general'function of a random variable x, f.e., y = f(x), the
mean and variance are

etrnl - f “#(x)g(x)dx © (e2)

Vsl = TR0 - lPtae (43)

where  u = E[f(x)]
g(x) = the probability density function.

As discussed earlier in this narrative, in many practical applications
g(x) may not be known and information may be 1imited to the mean and varfance
of the original variate x. Even 1f g(x) is known, the integrations indicated
by equations (42) and (43) may be difficult to perform. For these reasons,
approximate expressions for the mean, variance, and covariance may be obtained

20
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by expanding known functions in Taylor series and neglecting all terms except

the 1inear terms. If R is a function

of n variables, {.e.,

Rs= f(x], Xps eees x“) (44)

then it can be shown (Ref 14) that the expected value of R §s -

E(R) = £(X)4 Xp5 cees X ) (45)

where i} = the mean value.

Also, the variance of R, V(R) is

n=-1 -

V(R) = 2";(2—5?) V(x,) +2 2

i=1
1<j

aR
& 3;; axj c (xi, xj) (46)

where C(xi. xj) = covariance between Xy and xj.

If two functions, R1 and R2' are functions of the same n variables, {.e.,

Ry = f(Xps Xps eees %)
(47)

Ry = fg(x1. Xgs eees xn)

then the covariance between R] and R2 has the following form (Ref 14):
3R, R
CR,s R, {‘, = Zin) (48)
i=]
21
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3.3 MULTIPLE FAILURE MODES

If there is more than one mode of failure for a given structural
component, the probability of survival will be a function of the respective
failure modes. Denoting by Ri the resistance in mode j and by S1 the
corresponding load effect, the survival probability is theoretically (Ref 15)

Equation (49) applies to cases where the failure modes are independent.
When the failure modes are highly correlated, the probability of survival

becomes

P(F) = min P(R1 > Si) (50)

which means that the survival of the component is determined by the weakest
mode.

3.4 ANALYSIS OF SYSTEM SURVIVABILITY

The probability of survival described thus far refers to that of a
single structural component. The survivability of a complete structure
consisting of combinations of such components will depend on the surviv-
abilities of these components and the manner in which they are arranged
and connected., The analysis will need to consider the correlation between
the components and the degree of redundancy of the system., A procedure
for accomplishing this is described in Reference 16,

3.5 MEAN AND VARIANCE OF THE PEAK MIDPOINT DEFLECTION OF THE SLAB

This section contains expressions of the expected value, y_, and the
variance, V(yp) of the peak midpoint deflection, Ypr fn the respective
ranges of response, {.e., elastic, elasto-plastic, and plastic,

22
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When the magnitude of the blast load is such that the response of the
slab is in the elastic range, then (See Fig. 2)

R(Y) = yRy/¥, (s1)

in accordance with equations (27) and (45) the expected value of the peak
midpoint deflection can be expressed as a function of the following parameters,
1oeo.

¥p = f(Fys Tgs Rys ps W) (52)

As indicated previously, ?p was determined numerically. The variance of yp
was also determined numerically using the following expression:

ay_\2

V(yp) |3

<

3y \2 oy, \2 oy _\2
. hed e
V(F)+ ?tﬁ e +\am) VR H g, ) Y

w—

2 oy, 3y dy. ay
V(M) + 2 {-ﬁ-ﬂ =2 C(R) + 1t e (53)

1 M 1 My

?
Y ed’)
aMt

oy 9y
—P P
CRyMe) + 550 7w, Ch ’Mt)}
Similarly, when the response is in the elasto-plastic range,

Ro- K
R(y) = R, + Y, ¥ (y = ») (54)

-.Y-p = f(-F:' ’-t-d sﬁ:‘ '-R-z ty‘l :.-Y-z 'ﬁt) (55)




f‘ | ay,\2 LAY | )2 9
..". v(yp) = ) V(FI) +(td) »v(td) +(ﬁ) V‘(R.l) + (-5;:)2 v(Rz)

: ay. \2 dy.\2 oy, \?2
! "(W:' Vi) *(yz) viv) *(‘aﬁf) v(u,)

g2
N

3y
..’:ay
R, 9

=2 C(R,,
A (Ry5y,)

t

When the response is in the plastic r"ange. R(y) = R2 and

f(r F b.V-l ’72 ’ym’"t) ' i (57)

oy \2 y oy \2 2 |

V(yp) -( ‘) v(r]) ’('5?5)2 v(td) +(-§;12) V(R.l)' +(5';:) V(Rz)
y \2 dy ay. \2

v(y,) +(3-,§) V(y,) +(,5,1)' Viy,) +(ﬁf) vim,) -
("

Q>
-~

+
a2
o<
~N

[PPSR /. -

5 oy, 3y
: 11 1 3y, 3y
o ¢ c CRyaMy) + '5!5 vy C(Ryayy) + 352-5—1 C(Rgsy,) z
. oy, 3y 3y ¥y i
. ‘E‘E ¥, c(’\ JZ) + 7 m:' C(y.' ,Kt)




3.6 MEAN AND VARIANCE OF THE MAXIMUM SHEAR STRESS

This section contains expressions of the expected value, Vhp
variance, v(vup) of the maximum shear stress in the respective ranges of

slab response, 1.e., elastic, elasto-plastic, and plastic.

, and the

As indicated previously (see Section 2,3), the shear stress in the
concrete along a given edge of a slac is computed using equations (19) or
(20). When the magnitude of the load is such that response is in the elastic
range then the peak shear stress can be expressed as a function of the
following parameters, i.e.,

v p = f(.ﬁ ’fd ;ﬁ] .,-Y-l oa) (59)

The magnitude of VL was determined numerically for each edge and the maximum
of the two was used in the analysis, The variance of vup was also determined
numerically using the following expression:

V(v ) (ar ) V(F ) +'(at ) v(td) + (aR ) V(R1) + (ay ) v(y1

(ad ) v(d) + 2 {QR] 7 C(R1 )+ R aR1 52 CiRy)

4oy av avu c(y1 ’d) (60)
ay. d

Similarly, when the response is in the elasto-plastic range,

DR AR A S8 AR AR (61)
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v, 12 v 12 v, {2 av 12
V(vy,) = (—3%2) V(Fy) + (—3%2 v(ty) + (5;39) V(R])-+(§;!E) V(R,) |
( Viyy) +(Tﬂ) V(R,) +(——E) v(y,) .(_an) v(d) j

v v . v
__.JZ._lﬂl __up __up up _—_up
{arz1 3R C(RI*R)" Ry %, C“‘Mﬁ)*’arz1 , C(Rys,) X

2
—36-2 C(R;.d) + iR “ C(deﬂ +—§J2 ay C(R,¥,)
v, v
+ TE'TE C(std) + C(y] s.yz) + _]—E -_B%B c(.Y] sd)
ov
' -a—yﬁ"- up c(yz,d); (62)

When the response is in the plastic range,

= d’ 2’ (63)

2 f( d)
v 2 v |2 9 2
V(v,,) = (sr“'% V(F) + (BT!E) V(ty) + (-a-‘;!—;ﬂ) V(R,) |
v, ]
V(d) + 2 aR ——dﬂ C(Rz,d)} (64) |

In the above expressions the blast load parameters, F] and td, are inde-
pendent of the resistance function parameters Rys Rys Yps ¥ys Yps @nd the
mass of the slab, Mt’ Although td is a function of Fi. the covariance using
equation (48) turned out to be zero. The ultimate (failure) deflection, Yoo
see equation (10), is independent of the other resistance function parameters
because the span length "a" {is taken as a constant,

In the above expressions for the variances of Yp and Vup® the constituent
variances and covariances were determined in closed form. The partial
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derivatives were obtained by means of numerical differentiation using

3.VP . ({L)'H'] - (yp’i-'l
xy 28h

(65)

where X4 = (F1 ’td’ym’Mt'Qt’th"yft)

Ah = differentiation increment, Ah was taken as 0.10 of
one standard deviation for each of the variables,

3.7 PROBABILITY OF SHELTER FAILURE

For the reinforced concrete basement shelters considered in this study
(see Figure 1), the first floor (overhead) slab is considered to be the
primary structural component. Its collapse will result in casualties. The
probability of faflure of the slab was determined on the basis of the theory
presented in Sections 3.1 to 3.3. Specific expressions used in the analysis
are given,

3.7.1 Probability of Slab Fatlure

As indicated in Section 3.3, in the case of two failure modes, the
probability of slab failure, P(F), is

P(F) =1 - [1 - P(FII01 = P(F)] (66)

{f the modes are fndependent, and

P(F) = max [P(F,)s P(F,)] (67)

if the modes are highly correlated.

In equatfons (66) and (67), P(Fb) = probability of failure due to
bending (flexure), see Section 3.7.2, and P(Fv) = probability of failure
due to shear, see Section 3.7,.2.




The real failure probability of the slab is between these two cases,
f.e.,

max [P(F,), P(F,)] < P(F) $ 1 = [1 = P(FYIDT - P(F,)) (68)

In the analysis performed in this study, both bounds were calculated
and are included with the results,

3.7.2 Probabilities of Failure Due to Bending and Shear

In accordance with equation (39), probabilities of failure due to
flexure and shear were computed using the following expressions:

(1+n )(1+nr]'

where Y and yp were defined previously, see Section 3.5

P(F,) = @ (69)

Qy = coefficient of variation of yp

P
ny = coefficient of variation of Yom

m
i
n|om YW
s vup ’; 2
PF) =0 .y (70)
&n I(l + nsup)(l + Eéml

where v, and Vup Were defined previously, see equation (25) and Section 3.8

N, = coefficient of variation of Vup

nvup = coefficient of variation of Vm®
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3.8 PROBABILITY OF PEOPLE SURVIVAL

Casualty mechanisms considered in this study include primary afr blast
and debris impact due to the collapse of the first floor slab.

Body damage due to primary air blast results when the blast wave
engulfs the body. In such a case, movement of different tissue masses pro-
duces shear waves which accelerate different organs and different parts of
the same organ to different velocities. This results in strains and fre-
quently in ruptures. Air-filled organs such as the lungs are especfally
susceptible to this type of damage. Data used to estimate the probability
of survival from this effect were obtained from Reference 4 and are repro-
duced in Table 1.

TABLE 1, PROBABILITY OF SURVIVAL FROM PRIMARY BLASY, P(S )
(30 DAYS AFTER EXPOSURE)

Blast Probabiiity
Overpressure of Survival (%)
40 97.6
50 88.0
60 72.0
70 51.0
80 33.0
100 11.0
]20 - B 3.0
150 0.6

Probability of survival against debris due to the collapse of the
overhead (first floor) slab is determined using the theorem of total prob-
abilities as

P(Ssc) = P(S[F)P(F) + P(SIF)P(F) (n)
where P(S ) = probabflity of people survival against structural collapse

P(S|T) = probability of people survival given that the shelter
does not fail (collapse)
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P(F) = probability of shelter (structure) survival

P(S|F) = probability of people survival given that the shelter
fails (collapses)

P(F) = probability of shelter collapse = 1 - P(F).

In equation (71) the probability of structural failure, P(F), s
determined as described previously. P(S|F) and P(S|F) are determined as
described in the following paragraphs.

Experimental results (Refs 17,18) indicate that two-way reinforced con-
crete slabs failing under blast loading do not generally break up into
separate pieces. The concrete cracks throughout, but most of the large
pieces remain loosely connected to the reinforcing steel, On the other
hand, one-way slabs failing under blast loading do not remain connected, but
rather break up catastrophically (Ref 2).

At overpressures prior to the total collapse of a slab (one-way or
two-way), spallation is expected to occur and shelter occupants will be hit
by spalled pieces of concrete. Injuries will, therefore, occur; however,
these are not expected to be at the fatality level. It is assumed that
prior to slab collapse no fatality level casualties are produced by slab
debris and thus P(S|F) = 1.0,

When people are uniformly distributed in all shelter areas and are lying
down at the time of the attack, then P(S|F) can be directly related to the
floor area unaffected by collapse. In other words, when an overhead slab
collapses people in areas affected by the collapsed debris become fatality
level casualties while people in areas unaffected by collapsed debris are
survivors and/or injured.

For personnel shelters with two-way overhead slabs, a procedure for
computing P(S|F) is given in Reference 5. A procedure for computing P(S|F)
for shelters with one-way overhead slabs 1s .described next.

Figure 8 shows an expediently upgraded basement shelter, The particular
upgrading consists of a series of 6 in, x 10 in, beams and columns which are
used to support the existing slab such that four smaller slabs are produced.
For this concept, P(S|F) is computed as follows:

30




b
b' N
I i
j ]. S | | S
- I nr——
=l |
a' |{ I
Lif!
hil
. = || ——ga-——==—4 }
A - . ,qu ‘}. '
L—- | [
/.L:: ! “ !
S | 1S sulbmgglisingringspmipmigs N | | shmgesdoneniiydiietags ol
A 1 I S -
a i
M i
' (a) Plan i
. |
g 10 inches Existing Slab j
5 | R
Existing ? . Expedient
Column |- v Upgrading

l

(b) Elevation, section A-A

Figure 8. Expedient upgrading, type C.
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Ae = Ay
Nsw)-sf--jﬁf— (72)

where Af = total, clear floor area
Aa = floor area that would be affected by debris from
the collapse of the slab.
For the case where a2 = 12 ft and b = 24 ft, the spacing of the beams
is such that a' = 4,08 ft and b' = 10.08 ft, then

Af = (12 - 0.83)(24 - 0.83) = 258.81 sq ft
Aa = 4(4,08)(10,08) = 164,51 sq ft
S¢ = 0.36.

3.9 COMBINED PROBABILITY OF SURVIVAL

It is reasonable to assume that an individual injured from several
weapon effects would have a lesser probability of survival then if the
injury was due to one of the effects. Information on how the simultaneous
action of several effects from a single weapon combine to result in a prob-
ability of survival is not known at this time. For this reason, survival
probabilities from different effects are combined in this report as in-
dependent phenomena. Thus the probability of people survival, P(S), against
primary blast and slab collapse is computed as

P(S) = P )P(S ) (73)

32




_.,-.4

‘4

4, DESCRIPTION OF SHELTERS

4,1 BASIC STRUCTURE

Reinforced concrete shelters considered in this study were 11lustrated
in Figure 1. This Is a portion of an engineered basement of a low-rise
reinforced concrete building. The first floor slab is a one-way reinforced
concrete slab with its top surface at grade. The slab is simply supported
along interior reinforced concrete walls, Twelve designs were performed
(see Table 2) for several combinations of design 1ive load and span length.
The design 1ive load ranges from 50 to 250 psf and the span (short direction)
from 12 ft to 20 ft.

4,2 EXPEDIENT UPGRADING SCHEMES

Four types of expediemt upgrading schemes were considered with each of
the twelve slabs given in Table 2, As illustrated in Figure 9, scheme A {s
the basic, conventional slab and schemes B through E represent expedient
upgrading schemes in the order of increasing strength. Upgrading is accom-
plished by reducing the basic slab to a series of smaller slabs. This would
be done by providing supports along the dash 1ines shown in Figure 9.
Supports that may be used for this purpose were shown in Figure 8.

4,3 ANALYSIS DATA

Table 3 contains structural data used in the analysis of this set of
shelters. The various cases and expedient upgrading schemes are identified
in Table 2 and Figure 9. ﬂ

As indicated earlier, the basic slab was designed as a one-way slab.
8y making use of the temperature reinforcement which is placed orthogonal
to the main refnforcement, each slab in each expedient upgrading scheme was
analyzed as a two-way slab. In Figure 9, As3 is the main reinforcement and
Asl is the temperature reinforcement.
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As shown in Table 3, the effective depth of slab, reinforcing steel
areas, ultimate strengths of concrete and steel, and the capacity reduction
factor are treated as random variables. The other parameters, i.e., span
lengths and the slab thickness, are treated as constants. Coefficients of
variation were determined based on data given in Chapter 7 of Reference 5.
Coefficients of variation of peak overpressure and load duration, see
equation (1), were taken as 1,0%.

In Table 3, parameters "a" and "b" are center to center of supports
dimensions, while “ac“ and “bc" are clear span dimensions after the place~
ment of expedient upgrading supports. Values of “ac“ and "bc" were used in
computing S by means of equation (72).

In computing Sf for the basic slab (scheme A, Figure 9), Af and Aa’
see equation (72), were assumed not to be the same. In computing Aa‘ it
was assumed that the portion of the floor bounded by the walls and a line
6 in, from the walls would be essentially free from debris effects. Thus
for this one case only

As = (b - 0.83)(a ~ 0.83)

(74)
A, = (b - 1.83)(a - 1.83)

36




REINFORCED CONCRETE SLAB ANALYSIS DATA
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Firge = ytian

W0
-

« o @
oCOoN

(in.)2/ft
{in.)2/£2

A
A
23 (%)

sl

8.08

18.17
0.22

8.08
18,08
0.22

18,17
18.08
0.12

18,17
38,17
0.08

6.08
6.08
0.37

6.08

14,17
0.28

6.08
14,08
0.28

14,17
14,08
0.16

14,17
30.17
0.10

4,08
4.
0.47

4,08
10.17

10.17 4.08
10.08 10.08
0.21 0.36

10,17
22,17
0.13

(ft)
(ft)

ac
be
S¢

0.36

Coefficient of varfation of fg.; Q¢ = 17.58%,

Ultimate dynamic, compressive strenqth of concre;e, f&c = 3,9063 ksi.

Ultimate dynamic yield strength of steel, fdy = A4,018 ksi,

Unit weight of concrete, w = 150 pcf.

Coefficient of variation of fgy: Qy = 9.22%.

= 4.7,

'3 Q

Coefficient of variation of

Capacity reduction factor, $ = 1.0,
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5. PEOPLE SURVIVABILITY RESULTS

This chapter contains a summary of results on the probability of
survival of people when located in expediently upgraded, reinforced concrete
basements and subjected to the blast effects of a 1-MT surface burst,
Casualty mechanisms include debris from the collapse of the overhead slab
and primary blast. Results were generated using a computer program which
was developed during the previous study (Ref 5) and modified and extended
in the course of this study. Specific shelters considered are described
in Chapter 4,

This chapter explains how the results were produced. Case 1A {is used
for i1lustration., The results are summarized in Table 4. A complete set
of detailed results is included in Appendix C.

Case 1A (see Table 3) is the basic conventional, one-way slab over the
basement designed to resist its own weight plus a 1ive load of 50 psf., Its
plan dimensions are 12 ft by 24 ft and the total thickness is 5.0 in. When
subjected to a uniformly distributed blast loading over its surface, the
possible failure modes are flexure and shear. Probabilities of failure
based on flexure and shear when acting independent of each other are shown
in Figure 10, Note that shear and flexure are both important in producing
failure and, therefore, both need to be considered. However, since we do
not know how these two failure modes correlate then the best that can be done
is to bound the actual failure probability as discussed in Sections 3.3 and
3.7.1. Thus, using equations (66) and (67), the upper and lower bounds on
the failure probability for this slab were computed and are shown in
Figure 11, Corresponding bounds on the probability of people survival are
shown in Figure 12, They were determined using equation (71).

It s useful to compare the effectiveness of the varjous expedient up-
grading schemes on people survivability. This is done for Case 1 in Table 5
which contains overpressure ranges at the 90% and 50% probability of
survival levels,




*3seD awes ay3 404 |eALAans 3|doad

30 A3111qeqoud 3y3 03 48494 ,£, © YIim DBuipud saaqunu 3se) °u4d3|dBYS 3y} JO aun|ies JO
A3L1qeqoud ay3z 03 43434 ,2, © Y3ILM Buipud (| uwn|0d) saaqunu ISe) “SIN{RA Punoq Jamoi
34e £ pue 2| ‘(( suwn[0o) °‘san(eA punoq 43ddn sae Q| pue ¢ ‘g suwnio) ‘LeAajAuns a|doad
pue asde| |02 [euandnuls Jo saLt|Lqeqoad Hulpuodsauaod e SauNSSUAdUdA0 ade £i-g Suunm|o)

:3j0N

=" ' -

] |
----ae | 9E69°0C i EE€6E°12 1

! [} 1 { t ] t 1 ] ]
| § 1§e2°12 | 1S01°t | 62°0 1 061°0 | 0L2°0 1SL°B 1SL°L 1 ‘0T L ‘0T | CEE |
] | OBLS €2 | ovER 12 “ uvom.vm “ 8500°S “ 6LE8°0 “ 62'¢ " [ 13} " 020 1SL°8 “mh.p “ ‘ot ” i )] " 3 “
! ] | i = Teeseces. '
| we==e= | S9p8° 0L | 129#8°Q 1 ----~- | 9121°ST t SPLP'21 | 22°0 | O61°0 1 OL2°0 .S5L°8 ISL°L 1 02 ! ‘0% | €GE |
| ==s=== | ISIE°FT | 6502°21 “ 80S€E°St " 298B°E | LvE9'9 “ 22'9 n 061°0 “ oe'e i5L°8 "mn.h [ “ ‘e “ 3 “
i ] jo=- - cmjecmvecnmncocaeconn H [
| | #8S2°6 | 9868°® | --o-=~- | GLEI'9T « 9HKE°ET | 22°0 1 9.2°0 1 O61°0 1SL°8 1SL°L 0 62 1 OV I €2 |
I | EQLE‘ST " et el . LY2E°9T | LSSy 1 ELEL'O “ e2e “ o2°0 “ M1 15L°8 1SL°L ” ‘o8 " ‘ot 1 B "
H [ Rl et - == -ym—- - ' 3 t
| ==meee | §680°S | PEIL"O _ cme=ne | 95p2°2Y L PUIBY 1 210 | OL2°0 1 Q610 iSL°8 (SL°L | 02 I ‘82 1 EGE |
{ w====e | 91€5°9 . €Ly | 2LEV‘L “ LE29°y | Q1#9°0 “ 2t°e “ ®@a2'e 1 061°0 “mh.. t1S¢°L t 02 “ ‘o2 “ 26¢ “
) 1 i [ t : :
' #826°9 | IEIT1°C _ PELP O ) —-==~e | -e-~e- ) U282 1 800 1 BL2°C I QL1T0 1SL°8 1SL°L m ‘b 1 ‘02 L EWE |
| vesee= | SB6€°9 1 S208°2 | LIEL'S " 0026°2 | £ESEv°0 | BO°Q “ oe’e “ e61°9 ISL°8 “mp.p " ‘o ” ‘R “ e "
| H === ' =i~ H H H
| m=aec-= | [66E°SY ) 6062°Y ! =cc-== | —e=eec | TIPS°HPT | 2E°Q 1 O11°0 1 QE2°0 100°S iSL°V I B | °8 1 €32
} ====-e ] §22L°S} “ REIPT | LLIP°NY " r6es-» “ 8€88° 0 “ Lece " o11°0 | @E2°'90 100°S “mb.v " ‘s " ‘s M L+ “
| ] ! - | H
| memeee | EBLE'S | 6S16°Q | ~-w=~= ! ee-eae  €821°8 1 B2°0 1 OI1°0 | QE2°0 100°S ISL°F 1 °9% 1 ‘8 1 €qe !
| memee- “ 1%E1°6 “ JEPO'8 i EQ2L°6 | OLBB'E | SrOL"0 | 82°0 " o1t1°0 | QE2°0 t00°S "mh.' “ ‘9t “ ‘s | 243 “
| - H H je=-- 1 i H [}
| =eo=e= | IPS2°6 ) LEPEB'Q ! ~=--~= | PEL8°CI | BI2¢°6 1 82°9 1 OE2°0 | OI1°D 100°S ISL°V 1 ‘9T | °8 i €38 t
“ Rt “ »2€S 01 “ §902°6 : S290°117 " LIOL'E | 6BKO'O “ 820 “ [ “ 0110 100°S "mh.v " ‘9 “ 8 “ N “
| e i
| =ememe § ORLS'E | SPPS°Q | memeem | ceeeee | 92S2°C 1 91°0 1 QE2°0 1 O11°0 100°S ISLTP 1 °OT | 97 1 €62 !
n meeeme | S2I6°Y _ GLEGI°E ¢ BSBr°Y . 0881°E | EEM'O “ 91°9 " €20 “ 211°0 190°S “mh.v [ " ‘St 1 382 "
i- Eeadad | |- H H H
| ==ee-- { 1622'2 _ PEEED | —-eov- ——ewee | £S50°2 1 O1°Q 1 O€2°0 1 OI1°0 (00°S ISL°P m ‘% 4 °9t 1 BB 1t
“ ~em-m= | 8906°C “ 62ce°e “ LO81°€E . 2€9¢°2 “ 6roC'® ! 810 “ [ I QlT°0 (80°S "mh.v " ‘€ " i 1) “ a3 ”
; - cresemema] | '
| =e~eee | 2S87°12 | BLLS°Y | ------ _ eemeee | §522°8BT 1 LPCO 1 0O1°0 I O61°0 :00°S 00°F ‘9 | °9 1 €I
“ eeance “ 1096°61 " 4802°81 “ 19L5°02 “ 0855°S m 6L86°0 _ ir°e “ i ( 661°0 noo.m "oo.v " ‘9 “ ‘9 “ N "
) memeee | 9802°TL | S298°0 | wee-o- | ~==o-- | 98¥9°0T | 9E°0 { 001°0 ! €51°0 160°S (00°v | ‘2% 1 °S | €4Y |
| eeca=- “ 9695° 11 “ LLtvcer o 2etel “ CBIS'E 1 LT09°0 1 90 | GO1°9 | Q61I°0 109°S (98¢ ‘31 “ ‘9 n &at 1
1 et Attt il EL LD L g R | 1 i | ) | |
| eovcena | E1LP'2Y ! €698°0 | -co-=-- —----= | E9ER°2) | 9C'O 1 O61°9 I QA1°0 100°S 100°y 1 2T 1 9 {1 €31 |
“ —esne- " L6938 €l _ aseL 11 | ee9sct “ 1L6S°C w L909°0 | 9€°0 " 510 i eo1°0 “oo.m w...v “ ‘2t “ ‘9 181 1
' 4 [} ] ]
| ==e-=e | £99§°P h COS5°9 | cecmwm | ccomee ) £6¥2°F ! 12°G 1 061°0 ! 001°@ ;00°S 100°F | BT 1 "2V | €AY
“ seaem- " SESS'S " 19Lt1°y " 912r°'s “ 8198°C " [ 217 ] “ 120! o61°0 " [ 150 "o..m “oo.v “ *et " 2 “ a0 "
- - - LS KL L Y Spppn —
| wove=e | §€22°2 | 9BBE°® | -==--- } e--——- ] P299°2 | EVCO 1 B61°0 | 0O1°0 [00°S 108°F ) 02 1 BV § £} 1
“ bl " 00E°E _ §6€9°2 " PLILCE ) pI2r°2 ) SL0€°0 1 ETO L OBT°0 1 001°0 "oo.m “...v “ ‘e “ ‘st “ vt
bdatad | heksimiad | [} ! jromreececlconacn ]
! u.- [ ] . %01 H %05 ' 206 ] § WNIBS | p uIbs g (uE) ] (83D ) () ) (V) ) MWD )
" 1¢-ﬂa 48001 ¢ vcaoa sn&l:. \ontaang e1dosy jO *qoag I I ] (1) 1 sy 1 1 “ p “ Q “ L ]
- ¢ et e | ! $ ] t {
I %06 | N@S 501 b %06 ! xgs 1 50t [ [} ! H ! H [} ] ]
t {puney b.iog punoy Jeddn) 8dn) 184 jO RYT|Tqeqosy ] H t - ] H 1 [} ] f
€l 4 Lt ot 6 8 L 9 G 14 £ b4 l

SYILTIHS IN3IWISVYE ILIUINOD GIDYOINIIY “SLINSIY 40 AYVWWNS "¢ IT8VL

40




“
i
v
i
&
%

[ ]
v

SUMMARY OF RESULTS, REINFORCED CONCRETE BASEMENT SHELTERS (continued)

‘TABLE 4.
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TABLE 5, OVERPRESSURE RANGES AT THE 90%
AND 50% PROBABILITY OF SURVIVAL (CASE 1)

Probability _Expedient Upgrading Scheme
Level ) B D 4
90% 0.39-2.64 0.55-4,18  0,87-11.73  0.86-10.42  1.58-18.20
50% 2,77-6.60 4.57-12,90 12.47-26.10 MN.21- 19.96-

For schemes D and E the upper bonds are not included at the 50% prob- ‘
ability of survival level, The reason is that the curves are very flat after ]
a certain point, and do not intersect the particular probability value in
the overpressure range of interest (see Figure 12, for example), This fis
also the reason why numbers are missing in certain columns in Table 4. It
is evident from these results that expedient upgrading can be very effective
in providing protection. The 50% survival probability at 2.77 psi for the
basic slab becomes aimost 20 psi when upgrading scheme £ i{s employed.

- Similar trends will be noted for the other stabs.

If it is a matter of choosing between two basements for expedient up-
grading, then obviously the one that was designed for a higher 1ive load
should be chosen assuming that both are in good physical condition and the
design loads are known for each. The key item in expedient upgrading is
the correct design of the supporting system and its correct implementation.

It is recommended that experimental studies be initiated whose objective

would be to generate experimental data on the response of reinforced concrete
'(- slabs subjected to dynamic loadings. We need experimental data fn the res-
ponse range approaching failure., Avaiiable experimental data on the shear
fatlure of slabs, the distribution of reactive forces along the supports, and
the interaction of flexure and shear prior to and at the point of failure,
L is especially 1imited at this time, Relfable data would afd in the develop-
ment of accurate failure theories and also in the development of design and
impiementation criterfa for expedient upgrading schemes,

Stnce the upper and lower bounds on the fatiure probability are fairly
C far apart for most cases studfed (see Figure 12), it becomes useful to




determine the correlation that exists between the two failure modes and
then to determine the actual failure probability. This was not done in
this study because the methodology for doing this was not available. For
the present, it is believed that the lower bound should be used as a con-
servative measure of the probability of people survival,
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6. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

6.1 SUMMARY

The study reported here was concerned with predicting the probability
of survival of people located in expediently upgraded, conventional basements
when subjected to the blast effects produced by the detonation of a 1-MT
weapon near the ground surface. Two categories of basements are considered,
i.e., basements of engineered buildings and basements of single family
residences,

The first category includes basements of low-rise engineered buildings.
The basement walls are unexposed and the first floor slab (the slab over
the basement) is at grade. The first floor slab is the primary structural
component for the basement as far as protection from the blast is concerned.
Its collapse will result in casualties due to debris impact and blast winds
and pressures entering shelter areas when the shelter envelope is breached.

The slab over the basement was designed as a one-way reinforced con-
crete system for 1ive loads of 50, 80, 125, and 250 psf and span lengths of
12, 16, and 20 ft. This inciudes a total of twelve conventional basements
having a representative range of use classes.‘ Each of the twelve basements
was analyzed as expediently upgraded using four different upgrading schemes,
Upgrading is accomplished by providing supports that reduce the effective
span of the slab and by blocking off all openings into the basement. This
resulted in sixty shelters of different strengths which include the con-
ventional, unupgraded slab as the base case.

The second category includes four conventional wood frame residences
with full basements, These basements were also analyzed as expediently up-
graded. Again, upgrading consisted of providing intermediate supports for
the joist floor system, blocking off all openings into the basement, and
mounding the buflding with soil up to the first floor level, about 2 to 3 ft
from grade. Expedient upgrading included "studwall® and “post and beam"
concepts. Six shelters were analyzed. First, each basement was analyzed
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as upgraded using the studwall scheme; second, two of the basements were
reanalyzed using the “post and beam" concept,

A probability of survival function was developed for each shelter and
each upgrading scheme. The procedure used to accomplish this consists of
two parts. The first is a probabilistic structural analysis which determines
the probability of failure to the shelter envelope. The second part is a
probabilistic people survival analysis which considers two casualty producing
mechanisms, i.e., debris impact and associated effects from the collapse of
the primary structural system and primary blast. The probability of struc-
tural failure is made use of in computing the probability of survival
against debris effects.

The: analysis method bricfiy described above was formulated in the course
of this study and the previous effort (Ref 5), and a portion of it was com-
puterized. The computer program is capable of analyzing reinforced concrete
shelters of the type discussed previously in this chapter, and of predicting
the probability of survival for shelter occupants against the effects of
blast,

6.2 CONCLUSIONS

On the basis of the study conducted and results obtained, the following
conclusions are made:

(1) A method for computing the probability of faflure of
structures (Ref 15) was examined and applied to the analysis
of personnel shelters. This method is capable of condsider-
ing all structural components making up the structure and
the respective failure modes of each component. This method
is the most rational that is available at this time and the
results are believed to be the most reliable of those pro-
duced in this subject area to date.

(2) Expedient upgrading can be very effective in increasing the
1ive saving potential of conventional reinforced concrete
basements. Conventional basements with one-way reinforced
concrete overhead floor systems designed for a live load of
50 psf can be expediently upgraded to result in a probability
of survival of 50% at 20 psi., Slabs originally designed for
a higher 1ive load, 125 psf for example, can be easily up-
graded to result in a probability of survival of 50% beyond
30 psi. It can, therefore, be supposed that two-way floor
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systems, which are generally stronger than one-way floor
system, have the capacity of providing even greater pro-
tection when effectively upgraded,

(3) Conventional wood framed basements are capable of being
expediently upgraded to provide protection beyond 5 psi
p at a probability of survival of 50% or better.

(4) The analysis procedure presented here is sufficiently
general and can be readily extended to include the influence
of other hazards which accompany a nuclear weapon attack,
1;e.. prompt nuclear radiation, fires, and fallout radia-
tion.

(5) A capability should be formulated and included in the
analysis to study the effects of evasive action taken by
shelter occupants on the probability of survival,

6.3 RECOMMENDATIONS

The previous effort (Ref 5) and the study reported here_have been very
useful in formulating the people survivability problem on a rational prob-
abilistic basis. The approach is very promising and if allowed to develop
further will produce a reliable computational tool for the rating of shelter
spaces, evaluating alternative shelter systems, and for performing damage
1imiting studies, With this end in mind, two tasks are recommended.

6.3.1 Experimental Task

There is a need for experimental studies to be initiated to generate
data for a better understanding of how reinforced concrete structural com-
ponents respond in the range approaching failure, 1.e., what failure modes
are fntroduced, how they interact with each other for different slabs, what
is the influence of boundary conditions and loadings on the modes of failure.
Experimental studies should be conducted to generate data capable of im-
proving the current formulations of the following failure criter{a:

* Faflure critertia for horizontally oriented reinforced
concrete slabs; one-way and two-way floor systems

e Faflure criteria for vertically oriented slabs in
contact with the sofl; basement walls

e Failure criterfa for columns and beams,
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A test plan, outlining the number of experiments that would be needed
to produce the necessary data cannot be produced at this time, The first
task would be a review of all available experimental data on this subject. | i
With this task completed it would be possible to outline a preliminary test
plan,

6.3.2 Analytic Task

The computer program developed thus far must be further developed to
include the capability to anaiyze the following structural systems and to
include related aspects:

(a) Individual Structural Components

In addition to the library of structural components included in the
computer program at this time, the following should be implemented:

Flat slabs

Flat plates

One-way slabs

Beams (steel, reinforced concrete)
Columns (steel, reinforced concrete)
Composite steel and concrete systems
Masonry systems.

(b) Weapon Effects Hazards

In addition to blast and debris effects included in the computer
program at this time, other nuclear weapon effects and fndirect hazards

should be included.
Prompt nuclear radiation
Fallout radfation

Ground shock
Fires,

(c) Casualty Data

Available data for estimating the level of casualty experienced by
individuals against the various hazards should be reviewed with the object
of making the current casualty predicting process more reliable,

A1l of the aspects outlined would be considered within the probabilistic
framework outlined in Section 3,




APPENDIX A

PROBABILITY OF PEOPLE SURVIVAL IN THE BASEMENT
OF A WOOD FRAME RESIDENCE

Procedure used in determining the probability of people survival in
basements of single-family, wood frame residences is presented in this
appendix. The particular building analyzed is the "Dunes" house (Ref 20).
This is a one-story, single-family frame residence with a full basement.
The floor system over the basement is approximately 1 ft above grade.

The analysis described is for a basement expediently upgraded by pro-
iding stud walls in the basement as additional supports for the floor
system, blocking windows and doors, and mounding the structure on the outside
up to the first floor level,

Two cases are considered, i.e., with and without sofl cover (1 ft depth)
over the floor surface for radiation protection.

A.1 FAILURE PROBABILITY OF THE WOOD FLOOR SYSTEM

This section presents calculations leading to the determination of the
probability of failure of the expediently upgraded floor system. This floor
system consists of joists, girder, columns, and stud walls,

A.1.1 Material Properties

The entire floor system, Figures A-1 and A-2, consists of Jack Pine
whose properties, for several loading conditions, are given in Table A-1.
Specific properties used in this analysis are for 1 sec load duration. The
coefficient of variation assocfated with each of these values is taken as 0.20.

A.1.2 Applied Load
Two 10ad cases are considered in the analysis, 1.e§.

(1) A uniformly distributed mean pressure, 3'(ps1), with a ]
coefficient of varfation, Qp = ©.20. i

(2) A uniformly distributed mean pressure, p, plus 1 ft of
soil load.
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The detd load of the floor system s neglected. The uniformly dis-

tributed pressure, p, s assumed to be appifed for 1 sec.

A.1.3 Mamber Sizes

Jofists: 1.625 in, by 5.625 in. with an average spacing
of 24,12 in,

Girder: 5.5 in. by 6.75 in,

Columns : 4.0 in, by 8.0 in.

Studwalls: Columns 2 in. by 4 in. with bracing at mid-
height (Figure A-3).

A.1.4 Assumptions

(1) Joists 1 through 17 (Figure A-2) are identical and
continuous over the girder and the stud walls.

(2) The connections between the f1oor1n? and the joists
are not sufficiently strong to develop composite
action, Therefore, the joists act independent of
the flooring.

(3) The flexibility of the girder in calculating joist
stresses is neglected, The girder {is assumed to
provide a rigid support for the joists.

(4) Resistance along a member is perfectly correlated,
i.e,, failure of the member occurs at the point
of maximum load effect,

A.1.5 Failure Probability of a Joist

The joist loading, shear and bending moment diagrams are shown in

Figure A-4,

=M= - = 2
Miax = M 9759 p 1b/in. (p is in 1b/in.%)
= = Y e 2
Voax = ¥ 891 p 1b (p is in 1b/in.%)

Oy =0y = 0.20.

A.1.5.1 Modes of Failure - Bending

F
= b' -
Ob N91 ?; NgT Fb S/M (A-1)
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Figure A-3. Expedient upgrading.
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where 6, * safety factor in bending

correction factor on the flexural formula
rupture strength (see Table A-1)

b applied bending stress

S = section modulus.

-~
PR

-
L]

e e o g a

B Wy Ty S/ (A-2)

: 35 = mean safety factor and the remaining parameters are
1 mean values of those identified in equation (A-1).

%, VG + oy v v o (A-3)

where neb. 11} nb. ns, and nM are coefficients of variation of

ql’

eb. .N.g\l 'Y

a. Uncertainty in the Flexure Formula

Fp» S» and W, respectively.

Due to the difference between the idealfzed 1inear elastic formula and
the real case, assume N§1 = 0,95 with a uniform distribution between 0.90
and 1.0, as shown in Figure A-5 below. '

$ Ply)

>

-+ — Y
|

Figure A-5. Uniform distribution.




For a uniform distribution, see Figure A-5,

Q== FTR (Ref 22) (A-4)

1 0,10
/3 T.%

thus, @ , = = 0.03.
9

b. Uncertainty in the Section Modulus, S

S = 2'5‘- (A-5)

where b = width of the joist
h = depth of the joist.

If b and h are perfectly correlated, then the coefficient varfation
of S is
=
ag =yl + 40y + 49,0, (A-6)

Assume that Gb = Gh = 0.05. Also, due to humidity effects, let

A = A =0,05. Thus

b h

=Q =43 + A =0,07
b b b

Q -4(0.07)2 + 4(0.07)7 + 4(0,07)(0.07) = 0.2

Due to possible existence of notches, the mean height of the joists is
taken as 0.8h, The section modulus, 5, becomes

b




¢c. Determination of 9t and na

b
From equations (A-1) and (A-3),

Eb = 0,95(7100)(5.484)/9759 p = 3.790/p

Q. = [(0.03)2 + (0.20)2 + (0.21)% + (0.20)27" = 0.354

1Y
d. Probability of Failure Due to Bending

2n (3.79 1.332 - a1
PF,) 1-¢[“0.3 . ’_)] =1 - °["“'75T20. n ]

A.1.5,2 Modes of Failure - Shear

F
- L
6y = Ng2 T, Ny F, A3V

where ev = gafety factor in shear

N92 = correction factor on the shear formula
F, = shear strength (see Table A-1)
fv = shear stress due to applied load
A = cross-sectional area of joist
= (02 2 2 2.%
B, = Mgz * O, * O+ A

a. Uncertainties in the Shear Formula

. Thus, o " 0.03

Assume that ngz =Q

9! (

Q. = 0,20 (estimated)

Fy

% - 0+ 0+ 0

62

(A-7)

(A-8)
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ay = [(0.07)% + (0.07)% + 2(0,07)(0.07)7% « 0,14

Q= 0.20 (estimated)

b, Determination of @ and Qg
, v v

8, = M, F, B3V = 2(0.95)(750)(1.625)(0.8)(5.625)/(3)(891)p
8, = 3.898/p

o = [00.03)7 + (0.20)% + (0.18)% + (0.20)21% = 0.317
V'

Q

¢. Probability of Failure Due to Shear

P(F) =1 - ¢ [—%—3—,7—12] =1 “’[""o‘.‘in"‘E] (a-10)

A 1.5.3 Joist Failure Probability

The joist can fail in flexure or in shear, As discussed in Section 3.3,
if the two failure modes are independent of each other then the failure
probability of the joist, P(Fj) is

P(F) =1 - [V - PF)IDT - P(F)] (a-11)

If the fatlure modes are highly correlated, then

P(Fj) = max[P(Fb), P(Fv)] (A-12)

The actual failure probability for the joist {s between these two
probabilities, thus

max[P(Fy), PLF)I< P(F) 2 1 = [1 = PFIDY = P(F)] (A-13)
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Failure probabilities of the joist were computed and are shown in
Figure A-6. Failure probabilities P(Fb) and P(Fv) were computed using
equations (A-7) and A-10), respectively. The upper bound failure probability
was computed using equation (A-11).

It is noted (see Figure A-6) that the two bounds, i.e., P(Fj) and
P(Fv) are fairly close. In this analysis, P(Fj) is taken as the failure
probability for the joist.

A.1.5.4 Failure Probability of the Joist System

When all joists are identical and subject to the sama load distribution
and intensity, then conditions between the joists are perfectly correlated.
On this basis the failure probability of the joist system is represented
with the failure probability of one joist. Therefore, the upper bound values
given in Figure A-6 are conservatively considered as the failure probability
of the entire joist system,

A.1.6 Failure Probability of the Girder

As shown in Figure A-2, the girder consists of two parts, i.e., the
part between columns 1 and 3 (part 1) and the part between columns 3 and the
south wall (part 2)., The two parts are analyzed separately.

A.1.6.1 Analysis of Girder, Part )

The configuration of this portion of the girder is shown in Figure A-7.
The loading, P, is due to joists.

s
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P = 1278p (see Figure A-4)

where P = mean value of the joist load, 1b
P = mean value of the uniform pressure, psi.

M = 41,323F = 41,323(1278)p = 52810.8p

where M = mean value of the maximum bending moment on the girder
(at the center support).

V = 2.502F = 2.502(1278)p = 3197.6p

where V = mean value of the maximum shear on the girder
(to the left of center support).

Qy = @ = Qp = 0.20
a. Bending

8, =Ny Ty /A

2 2
T - DA 675(5:5)" . 34,03 (in.)?

'é'b = (0,95)(7100)(34.03)/(52810.8p) = 4.3463/p

P SR B B
%, (g + stb +0g + Q)" = 0.354
P(F ) = ] -9 !‘neb = 1' -® 10“9 - !,n—
b neb 0.354

b. Shear
§, = &, F, W30
8, = 2(0.95)(750)(6.75)(5.5)/3(3197.6p) = 5.515/p

= 0,317 (Determined earlier in connection
v with joist analysis)

Qg
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2ne

PF) =1-0 (Wl) =1-¢ (‘—7-8-7-5{75!'5) (A-15)

v

A.1.6.2 Analysis of Girder, Part 2

The configuration of this portion of the girder is shown in Figure A-8,

Ll

l.llin]
4.12in} 24.12in} 23.01 in{} 24.12 in] 24.12 in] 24.12 in

2

50 11-1/4 7' 4

Column

Figure A-8. Girder loading, Part 2.

R

P = 1278p (see Figure A-3)
N = 26.382P = 26.382(1278p) = 33716.23'
where ¥ = mean value of the maximum moment on the girder
V = 2.289F = 2,289(1278p) = 2925.3p
where V = mean value of the maximum shear on the girder
B - Né,'?b S
35 = (0,95)(7100)(34.03)/33716.2p = 6.808/p
neb = 0,354 (computed previously)
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P sl

P(F) =1 -0 (‘—g‘bi’sg-"-'!‘i) (A-16)

0 = 2}?92 1-'v A/3V

D
"

2(0.95)(759)76.75)(5.5)/3(2925.3p) = 6.028/p

o]
[

= 0,317 (computed previously)

P(E) =1 -0 (1.78? - zn’g> (A-17)

Failure probabilities for the girder, parts 1 and 2, are shown in
Figures A-9 and A-10. As previously, three curves are given, i.e., probability
of failure due to bending, P(Fb), probability of failure due to shear, P(Fv),
and the upper bound probabilities, P(Fgl) and P(ng). computed using equation
(A-13). In each case, the actual failure probability is between the bounds
of P(Fv) and P(ng), i=1,2.

A.1.7 Failure Probability of Columns

A, 1.7.1 Existing Columns

The location and spacing of columns is shown in Figures A-1 and A-2,
for a uniformly distributed pressure load over the floor surface, the axial
Toads on the five columns have the following values:

= 1.498P
4,592p
2,544p
3.655pP

© ‘o O
[X) -
] n [] \

o
L]

where P = 1278p, p = the uniformly distributed floor load in psi (lblin.z).

The following formula (Ref 23) was used for evaluating the fatlure
probability of the five timber columns:

p 0,.30¢
= F = =% (A'18)
K e " (0)?
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where P = column load
A = cross-sectional area of column
E = modulus of elasticity
2 = unsupported column length
d = least dimension of the rectangular cross-section of the column,

Columns used in this basement consist of 4 - 2 in. x 4 in. boards nailed
together., The columns had the following properties:

Cross-section = 3.5 in, x 6,0 in,
Length = 76,0 in.
E = modulus of elasticity = 1,35 (10)6 psi.

The coefficient of variation of Fc is obtained as

aFc 2 Fc 2
vF,) =(525) we) +(-§d— v(a) (A-19)

where V( ) = variance of the given parameter, In this analysis E and d
are considered to be random variables. The length, £, is
assumed to be a constant,

=m = + " -
QE = 0.20

fy = 0.07 [(see @ 1n equation (A-6)]

h
ar = [(0:20)7 + 4(0.07)27% = 0.24
c
FC
8. * Ngc -f: (A-21)

where N " correction factor on the column fomula, estimated at
9¢ 0,95 (see "Uncertainty in the Flexure Formula® and
Figure A-5)

fh = column stress due to applied load.




v e e — e————— o T

- 2 '
8. = (0.3)TTgc E X/[(2/d) Fi] (A-22)

where F} = applied column load, i = 1,5

2/d = 76/3.5 = 21.71
8, * (0.30)(0.95)(1,350,000) (3.5)(6.0)/[21.71) P, = 17,143/,
2 s el
%, (B * T *+ B+ “Pi) (A-23)
8y = 0.03, (see A-4)
g =0.24
FC
2, = 0.14
Q, =0.20
P
ne=[wmn2+mznz+muﬁ+(mmﬁﬁsoaa

c

Expressions for computing failure probabilities for the five columns
are given next.

D

Column T% C P(Fci)

1 1914.47 8.9544/7 1-0 (2"92‘ = n (A-23)

2 5868.,6p 2.9211/p 1 - ,(1.0730 - zng)
3 3251.2p 5.2727/7 1-0 (1 6625 - lng) (A-25)

(A-24)

4 4671.17 3.6699/p 1-0 (‘°3°°2 = 0 (A=26)

5 4594 ,4p 3.7312/p 1

(A-27)

]
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Corresponding failure probabilities are shown in Figure A-11, P(Fb)
is the column system failure probability assuming that the columns act
independent of each other., It was computed using the following expression,
see equation (49):

S
PE) =1~ 1 T1 = PUF)] (A-28)

The lower bound is represented by P(Fcl)'

A.1.7.2 Studwall Columns

The studwall columns used in the expedient upgrading of the basement
are shown in Figure A-3, See Figure A-1 for the center to center dimensions.

Studwall column cross-section = 1.5 in. x 3.5 in.

Height, 2 = 76 in,

2/d = 76/(2 x 1.5) = 25.33

Column load: East side, P ® 1683p (see Figure A-4)
West side, Pw = 1490p

Studwall columns at each side (east or west) are identical. Failure
of the column system at each side, therefore, is represented by the failure
of one column,

e, = Néc F. AP,

where f; is defined by equation (A-18), thus

B = 03N € A/[(L/?)Z'Fi]. By = 0.3

For the east side:

3; . 0.3(0.95)(1.350,000)(1.5)(3.5)/[(25.33)216835] = 1.8706/p
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we

P(Fse) =1 -0 (0-6263.' sz)

For the west side:

B, = 0.3(0.95)(1,350,000) (1.5)(3.5) /[ (25.33)21490p] = 2.1129/p

P(Fy) =1 - @ (—"-’-l‘-s-},-j-.-'ﬂ) (A-25)

Results are shown in Figure A-12, For the column system comprising the

two studwalls, the lower bound failure probability is given by P(st). The
upper bound is given by P(Fs). which was computed using the expression

P(F) =1 - [1 - P(F,)ID - PF,)] (A-26) M

A.1.8 Failure Probability of the System

Upper bound .values are obtained based on the assumption that the condi- , f
tions between different components are statistically independent. Lower ?
bound values are based on the perfect correlation assumption between the

components.

P(F*) = upper bound failure probability -l

P(F*) = 1= [1 - P(Fy)I0T = P(F Gy )01 - PUF)ILY - PUFIIL - PUFIILT < PUF )T (A-27)

P(F') = lower bound faflure probability

P(F') = max[P(Fj). P(Fg])a P(ng)u P(Fc)o P(st)o P(FSQ)] (A-28)

Results are plotted in Figure A-13,
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Probability

o
H

o
o

Without Soil Cover

. |

2 3
Overpressure, psi

Figure A-13. Probability of floor system failure,
upper and lower bound.




A.2 PROBABILITY OF PEOPLE SURVIVAL

As shown in Figure A-13, the relevant range of overpressures is between
0 and about 5 psf. In this range, the dominant casualty mechanism for
people in basements is debris from the collapse of the overhead floor system
and the upper story. The upper story is expected to fail in the range of
1.5 psf to 2.9 psi. The following failure probabilities are extimated (Ref 24),

Probability of

Failure (%) Overpressure (psi)
10 1.5 |
50 2.2
90 ' 2.9

Probability of people survival against structural collapse is determined
using the theorem of total probabilfties (Ref 25) as

P(S.c) = P(SIF)P(F) + P(S|F)P(F) (A-29)

where P(Ssc) probability of people survival against structural collapse

P(S|F) = probability of people survival given that the structure
(floor system) does not fail

P(F) = probability of structure survival

P(S|F) = probability of people survival given that the structure
collapses (fails)

P(F) = probability of structural failure = 1 - P(F).

For this structure, P(F) is given by equations (A-27) and (A-28).

No fatality level casualties are expected prior to the collapse of the
floor system and, therefore, P(S|F) is set equal to 1. Probability of
survival given that the structure collapses, P(S|F), s estimated to be 0.5.
It is based on the following reasoning.

When the fioor system over the basement collapses, the debris is not
expted to affect the entire shelter area, Several portions of the basement
are expected to be free of debris. People located in these areas will be
survivors. At least one half of the total basement area 1s expected to be
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free of debris effects. For people uniformly distributed, the probability ¥
of survival is, therefore, estimated as 0.5.

Probability of people survival results are given in Figure A-14, Two ii
cases are considered, i.e., with and without soil cover for radiation pro-
tection.

The analysis and results given here represent an update and revision
of results given in Reference 20.

1.0

o
o

Probability

o
>
1

1

0.2F ==—===uyith 1 ft of soil cover -{
—— without soil cover
- -
0 & IR I 3 4
0 1 2 3 4

Overpressure, psi

Figure A-14. Probability of people survival,
upper and lower bound.
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B

APPENDIX B

PROBABILITY OF PEOPLE SURVIVAL IN UPGRADED
BASEMENTS OF SINGLE FAMILY RESIDENCES

B.1 INTRODUCTION

This appendix contains results on the probability of survival of people
located in basements of framed, single-family residences when subjected to
the blast effects of a single, megaton yield unclear weapon detonated near
the ground surface, Four buildings are considered. In each, the basement
is expediently upgraded against blast effects by providing additional
supports for the joist floor system, Additional supports are either stud-
walls or post and beam (girder and column) systems, Six cases are considered:

Building Name Type of Upgrading

1. Dunes House Studwall (see Figure A-3)

Girder and Column (see Figure B-1)
2. Hest House Studwall
3. Park House Studwall

4, Tea Pot House Studwall
Girder and Column
The analysis considering the Dunes House with the studwall upgrading
is described in Appendix A, which also contains the probability of structural
£-ilure and people survival results. The remaining cases outlined above are
summarized in the following sections,

B.2 GENERAL ASSUMPTIONS

(1) The basement framing system (joists, girders, columns)
for each building is assumed to consist of "Jack Pine"
whose properties are given in Table A-1,

(2) The expedient upgrading system (studwall, girder and
column) 1s also assumed to consist of Jack Pine,

(3) The upper story in each case is assumed to fail and be
removed by the blast in the overpressure range of 1.5
to 2.9 psi (Ref 24),

(4) There is no interaction between the upper story and the
basement framing systems, i.e., the upper story is assumed
to cause no damage to the basement while being broken and 4
removed by the blast loading. I~
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Figure B-1. Post and beam expedient upgrading concept.

Dead load of the floor system over the basement is neglected.
This amounts to approximately 15 psf.

People are assumed to be uniformly distributed in all
basement areas.

The only casualty mechanism considered in the analysis is
debris from the breakup and collapse of the floor system
into the basement ar.a.

Basement walls are assumed to be stronger then all other
structural components and are, therefore, assumed not to
fail, Analyses to determine failure overpressures for the
peripheral basement walls were nct performed. However,
based on the results of full-scale field tests (Ref 26)
this is a reasonable assumption in this case.
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B.3 DUNES HOUSE

The basement of this house is described in Appendix A where it was
analyzed with an expedient blast upgrading consisting of a studwall in each
of the two joist spans (see Figure A-2), In this section the expedient up-
grading consists of the "girder and column" concept (see Figure B-1) with
and without soil cover for nuclear radiation protection. The size (cross-
section and length) of girders used is assumed to be the same as that of the
existing girder. Columns are also assumed to be of the same size and number
as the existing columns and are assumed to be identically spaced and supported.
The analysis was performed along the 1ines described in Appendix A. Results
are summarized,

I L SRR PR AN ARy . WO r -

e

B.3.1 Failure Probabilities

Failure probabilities for all structural components making up the floor
system and its supporting elements, except the basement walls, are given in
Figures B-2 through B-4, Figure B-2 i1llustrates failure probabilities for
the joists and the existing girder. Failure probabilities for existing
columns and columns used with the expedient upgrading are given in Figure B-3.
Failure probabilities for the two sets of girders used in the expedient up- :
grading are given in Figure B-4, Each of the curves is an upper bound on the :
particular failure probability and was determined using equation (49). The ‘
bounds on the probability of failure of this expediently upgraded floor system ;
, are given in Figure B-5 for the case without soil cover. In this figure, %
F P(F*), the upper bound, is based on equation (49) and P(F'), the lower bound, 5
= represents the failure probability of upgrading column 2 located in the east
o Joist span (see Figure A-2).

B.3.2 People Survival Probabilities

Probabilities of people survival are given in Figure B-6, which includes
two cases, i.e,, with and without soid cover. Probability of survival is

. against the effects of debris produced by the breakup of the floor system,

B.4 WEST HOUSE

This an existing singlie-family dwelling whose basement floor plan is H
3 shown in Figure B-7, The floor system over the basement consists of a subfloor 3

=




s RN

-9SNOH Saung “S3131114eq04d 34n|jey 4apuaib bupisixa pue sysiop “2-g 3u4nbiy

(1Sd) 3UNSSIYSHINO A1314-3344
009! 00" ¥! 002! 00°Ci 00°8 009 00" ¥ 06°2

L ]

(2-v 34nBiy 83s) [|em yanos a3yl o3 ¢ uwniod
WO4J SPUdIXd 2 34ed 43p4Lb ‘¢ uwnjod 03
L1BM Y3L0U 3Y3 Wo4y SpUIIXd T J4ed “uapsiy,

2 jaed ‘43patb bupysyx3 2b
»1 J40d “43paib buiysyx3 1b
Isiop ¢
Bujuvay 3diadsqng 2b
(“"4)d
~/—— (P4)q
— (F1)d
= S

co°

Al

Ov° O

A

09°0
A11718v80dd

08°0

00°!

84




. 1B e AR e Ty T b

S e B e i e e A ey AR e W o (7 e T A AR R 1 5N gt

*3SNOY saung “saijiiiqeqoad dun(ies uwn(o) °g-g a4snby4

(1Sd) F3YNSSIHHYIA0 G 313-3344

B

0G "%

00 .m oowu 00 .._m 00 ..m 00 4 00 ;nl ooL. 4 00 " ! o
o
o
-
(%4
o
o
Lo
nH
o
°>
DO
[
r
OI
>
_ (2-v_"614 a3s) °
ueds 3sjof 3sam ‘suwnjod buipeubdn M
ueds 3stof 3sea ‘suwniod buypeuabdn ¥
suwn (03 butysix3 29
bujueoy 3a340sqns f“.
o
©
o

[ ———



*9SNOH saung “sarjL|Lqeqouad aanjie} saapaib buppeabdn “y-g a4nbl4

(1Sd) 3YNSSIYIYIAO GT314-33Y4
002! 00°Ci 00°8

1

ooo

00 v

*(2-v a4nbL4 93s)

‘LleM Y3Nnos 3y3 03 £ UWN|0D WOJLJ SPUIIXd 2 J4ed 43paLb
‘C UWN[0D 0} {|BM YJJOU WOUJ SPUdIXd T Jued JU3p4LDy

2 3a4ed
1 3aed
2 jded
»1 jJea

‘ueds 3510l 3S8M “uap4tb buipeaidn
‘ueds 3S10f 3S3M ‘4apaib buypeaban
‘ueds 3stof 3sed *1apuath buipeabdp
‘ueds 3s)of 153 ‘4apab buypeabdn

buiueay

ZMb
TMb
29b
19b

3d1aosqng

o
[
o

™

09°0
Al1718v80yd




_ *9SNOH SaunQ ‘punoq JaMO| pue Jaddn ‘3uniiey wdIsAs 400|4 40 A3L|lqeqodd ‘G-g aanby4

(ISd) JUNSSIULYIA0 G1314d- mwmu

00 Fm oopu oo..m 00" m 00’ v 00" n oo.ﬁu

o

o

. O

[,V

o
| )
! rON_

=R

©>
™
~—
OI
-.QM.

,(4)d l'\ ©

/ o

\\ e

s [ =]

\\
e
L
— o
o




*3SNOH SaunQ “punoq 4aMo| pue Jaddn ©jeAraans ajdcad 3o A34119eqOdg °9-g d4nbiyg

(1Sd) 3¥NSS5¥dY3IAN0 G1314-3344

008 00" 009 008 60’y  00°f 00°2 00" ! oo.p.u

[«]

o

O

~n

o
o
o2

> S
°»
()
——— Yt
e
OI
05
OnA
I ']

—- (S} o

[+ ]

43A0) 110§ YN | ©

J43A0) | 10S INOYILM L

00°!

gp e psem o e e e




ST TPIFONT . “RPYSETS ISR W i) AP TV {4 M ey waTR L e T

Rear of House

‘ue|d “asnoy 3SaM ° /-9 d4nbL4

0L 4

uunioj €

Liamiieqs
|

L

auL|433ud)
J3p4 9

4

bupeabdn juaipadxl
30 auL|493ud)

19D U0 "Uut 9| *s3stor QL x 2 I.FI!III-.

v
N

LLeM ¥J018 ‘ut 8

Front of House




and a finish floor supported by 2 in. x 10 in. joists spaced at 16 in. The
two joist spans are simply supported. The existing girder is 6 in. x 10 in.
and consists of two parts. Part 1 extends from the front wall of the house
to column 2, Part 2 extends from column 2 to the rear wall of the house.
The three columns have a cross-section of 6 in. by 6 in. Their unsupported
length is 77 in.

The floor system is assumed to be upgraded using studwalls in each of
the two joist spans. The studs are 2 in. x 4 in, and are spaced at 16 in,
as are the joists. Their total height is 70 in. They are braced at half-
height as shown in Figure A-3. The analysis was performed along the lines
described in Appendix A. Results are summarized,

B.4.1 Failure Probabilities

Failure probabilities for the joists and the two girders are given in
Figure B-8, Failure probabilities for the columns and studwalls are given
in Figure B-9, Each of these curves is arn upper bound on the particular
probability and was determined using equation (49).

The bounds on the probability of failure of the whole floor system,
including columns and studwalls, are given in Figure B-10, P(F)*, the upper
bound probability of failure of the system, was obtained .sing equation (49)

and P(F)', the lower bound, represents the failure probability of the stud-
walls,

B.4.2 People Survival Probabflities

Probabilities of people survival against the effects of debris from the
collapse of the floor system into the basement are given in Figure B-11, Two
cases are considered, i.e., with and without soil cover for radiation protec-
tion. Probability of survival is against the effects of debris produced by
the collapse of the floor system into the basement,

B.5 PARK HOUSE

This is an existing residence whose basement floor plan is shown in

Figure B-12, The floor system over the basement consists of a subfloor and
a finish floor supported by 2 in, x 8 1n. Jjoists spaced at 12 in. on center,
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The joists are continuous over the centrally located girder and columns. The
girder is 8 in. x 9 in, and consists of three separate parts. The first part
spans from the east wall to column 2 (see Fiy.r2 B-12), the second part spans
from column 2 to column 4, and the third part spans from column 4 to the west
wall, The five wood columns have an cross-section of 6 in. x 6 in, Their
unsupported length is approximately 7 ft 8% in,

The floor system is assumed to be expediently upgraded using studwalls
in each of the two joist spans. This expedient upgrading is 1llustrated in

Figures B-13 and B-14, The studs are 2 in, x 4 in, and are spaced at 12 in,,

j.e., one under each joist. Their total height is shown in Figure B-14 and
they are braced at hal f-height. In addition to structurally upgrading the
floor, the basement shelter is also assumed to be mounded with soil up to the
top of the floor as shown in Figure B-13.

The analysis was performed along the lines described in Appendix A,
Results are summarized,

B.5.1 Failure Probabilities

Failure probabilities for the joists and the three timber girders
supporting them are shown in Figure B-15. The combined failure probabilities

for the columns are given in Figure B-16 together with the failure probability

of the studwalls, Each of these curves represents an upper bound and was
determined using equation (49),

The bounds on the probability of failure of the whole floor system,
including columns and studwalls, are given in Figure B-17. P(F)*, the upper
bound probability of faflure of the system, was obtained using equation (49).
P(F)', the Tower bound for the system, is the failure probability of the
studwalls,

B.5.2 People Survival Probabilities

Probabilities of people survival against the effects of debris from the
collapse of the floor system into the basement are given in Figure B-18,
Two cases are considered, f.e., with and without soil cover for radiation
protection, '
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8.6 TEA POT HOUSE

This is a two-story, single-family residence originally constructed and
tested in Nevada (Ref 26). This building has a full basement with a back
entrance, an entrance from the house, and six window wells, The basement
plan is shown in Figure B-19,

The floor over the basement consists of a subfloor and a finish floor
supported by 2 in, x 8 in, joists spaced at 16 in, centers. The joists
(assumed to be continuous over the 33 ft 4 in. length of the house) are
supported by two 6 in, x 8 in. girders and the basement walls, The two
girders are supported by four steel pipe columns and the basement walls., The
peripheral basement walls are made of concrete block. Two expedient upgrading
schemes were considered and are described as follows:

a. Scheme 1

The two long (13 ft 4 in.) joist spans were each assumed to be supported
by a studwall Tocated halfway between the columns and the walls. This con-
cept calls for a 2 in. x 4 in. stud under each joist,

Entranceways into the basement are assumed to be closed {blocked) by
means of expedient blast closures, Window glass is assumed to be removed and
the openings are also assumed to be blocked by means of expedient bilast
closures,

The basement is mounded with soil on the outside up to the first floor
level, about 2 ft, One foot of soil is assumed to be placed on the first
floor for fallout radiation protection.

b. Scheme 2

This expedient upgrading scheme is the same as the first scheme except
that instead of a studwall, the two joist spans are assumed to be upgraded
by girders and columns Tocated halfway between the existing columns and the
walls, The girder is assumed to be of the same size and the same material
as the existing girder. The columns consist of "Southern Pine," have a
6 in. x 4 in, cross-section, are 8 ft long, and have the following properties
with respect to an axfal load:
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Fc (compression parallel to the grain) = 1350 psi
E (modulus of elasticity) = 1,700,000 psfi.

Upgrading columns are assumed to have the same spacing as the existing
columns. This concept is illustrated in general in Figure B-1.

B.6.1 Failure Probabilities, Scheme 1, Studwall Upgrading

Failure probabilities for the joists and existing girders are shown in
Figure B-20, Failure probabilities for existing columns and the studwalls
used for upgrading are shown in Figure B-21. Upper and lower bounds on the
failure probability of the system as a whole is shown in Figure B-22. In
this case the Tower bound is the failure probability of the studwalls also
shown in Figure B-21. The upper bound was computed using equation (49).

B.6.2 People Survival Probabilities, Scheme 1, Studwall Upgrading

People survival probabilities are presented in Figure B-23 and include
two cases, i.e., with and without soil cover for fallout radiation protection.
Probability of survival is against the effects of debris produced by the
breakup of the floor system over the basement. '

B.6.3 Failure Probabilities, Scheme 2, Girder and Column Upgrading

Failure probabilities for the joists, the existing girders, and the
girders used in the expedient upgrading are given in Figure B-24, Failure
probabilities for existing columns and the columns used in the expedient up-
grading are shown in Figure B-25. Upper and lower bounds on the failure
probability of the system as a whole are shown in Figure B-26, In this case
the Tower bound is the faiiure probability of the columns used in the expedient
upgrading, This is also shown in Figure B-25, The upper bound was computed
using equation (49),

B.6.4 People Survival Probabilities, Scheme 2,
€*~der and Column Upgrading

People survival probabilities for this concept are given in Figure B-27,
Two cases are considered, i.e., with and without soil cover for fallout
radiation protection. Probability of survival is against the effects of
debris produced by the breakup of the floor system over the basement, It
is evident that the difference between the upper and the lower bounds on the I
probability of survival is negligible in this case. |

.
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APPENDIX C
STRUCTURAL FAILURE AND PEOPLE SURVIVAL PROBABILITY DATA

This appendix contains detailed results on the probability of structural
failure and the probébi]ity'of people survival for the reinforced concrete
shelters described in Chapter 4. The general concept of the basic basement
shelters is illustrated in Figure 1. These basements were designed for 1ive
loads in the range from 50 psi to 250 psi and span lengths from 12 ft to 20 ft.
The basic design data are given in Table 2. Each of the 12 slabs was analyzed
as upgraded using four expedient upgrading schemes illustrated in Figure 9.
This resulted in 60 sets of shelters whose analysis data are included in
Table 3. Results included here are upper and lower bounds on the probability

of slab failure and upper and Tower bounds on the probability of people survival.
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